by survey 3, of whom 30 had become smokers. ReceptivBackground. The purpose of this study was to evalu-ity to cigarette promotions at baseline was signifiate the association between receptivity to cigarette cantly associated with higher smoking uptake, with promotions and smoking uptake in a cohort of adoles-48.7% of receptive students moving up one or more categories on the smoking index [adjusted proporcents.
INTRODUCTION
index at baseline were associated with higher grade in school, peer smoking, and receptivity to cigarette Current marketing practices by the tobacco industry promotions. One hundred eighty-five students (38.5%) may be contributing to the increased rates of smoking had moved to a higher category on the smoking index among children. While the tobacco industry has denied intent to advertise and promote cigarettes to children [1] , company documents indicate otherwise [2] . Market- 1 This work was supported by National Cancer Institute Grants ing and economics researchers have raised serious CA-67538 and CA-23108. questions about the tobacco industry's position that the 2 To whom reprint requests should be addressed. static market and that marketing is exclusively aimed The use of clothing as a means of expressing and consolidating identity is consistent with studies of consumer at brand switching among smokers [3, 4] . Independent of whether aggregate demand for these behavior in adolescents [12] [13] [14] . It is also consistent with the theory that environmental factors shape adoproducts is static or declining, it is clear that a dynamic market exists. Every day some tobacco users die or quit lescent individuation [15, 16] .
We and others have established that CPI ownership is smoking, but they are replaced by new smokers, most of whom are adolescents. The fact that adolescents prevalent among children and adolescents [10, [17] [18] [19] [20] [21] [22] .
Several cross-sectional studies have shown that CPI smoke the most highly advertised brands indicates that they are responsive to these marketing campaigns [5, 6] . ownership correlates with higher levels of smoking uptake [17, 20, 21, 23] . In one cohort study, ownership or Moreover, to the extent marketing may also spur aggregate demand among adolescents, it could be associated willingness to use CPIs, termed receptivity to promotions, at baseline was associated with smoking uptake with uptake of smoking in this group.
Evidence of a causal relationship between exposure measured 4 years later [10] . This longitudinal finding has not been replicated in an independent sample. to cigarette marketing (the epidemiological equivalent to exposure) and smoking uptake (the epidemiological Moreover, no study of cigarette promotional items has included more than two survey points. Thus, we do equivalent to disease) exists if a significant association can be established between marketing and smoking; not have information about how receptivity to cigarette promotions changes over time or how changes affect the results are not explained by chance, bias, or confounding; the findings are consistent with adolescent smoking behavior. If it could be shown that loss of cigarette promotional items decreases risk of future smokbehavior theory; and the findings can be replicated [7] . Causality is strengthened if it can be established that ing in adolescents, the argument that these types of promotional activities are causally associated with the exposure precedes the onset of the behavior, that there is a dose response, and that elimination of the smoking uptake would be strengthened. Also, this finding would imply directly that elimination of promoexposure decreases smoking.
One barrier to establishing a relationship between tional campaigns could reduce adolescent smoking. In this prospective cohort study, we examine recigarette marketing and adolescent smoking has been the difficulty in measuring exposure to cigarette mar-sponses from Vermont school children who were surveyed about their smoking behavior on three consecuketing in population-based studies of adolescents. The introduction of one category of cigarette promotional tive occasions to evaluate in more detail the association between receptivity to cigarette promotions and smokactivity, cigarette promotional item (CPI) distribution, has made quantifying exposure to such marketing ing uptake. Our goal is to confirm, in an independent sample, that receptivity to tobacco promotions is associpossible in population-based studies. CPI distribution has grown since 1990 and includes expenditures for ated with uptake of smoking over time and to determine whether change in receptivity to cigarette promotions promotional gear and clothing campaigns in which catalogues for these items are distributed by vendors. is associated with a change in the likelihood of smoking uptake. Specifically, we were interested in whether loss Through catalogues items bearing cigarette logos, such as clothing, can be purchased with cash or "added value" of receptivity to cigarette promotions protects adolescents from taking up smoking. coupons included with cigarettes. In 1995, the most recent year for which data are available, the tobacco industry spent $544.3 million dollars on these items, METHODS accounting for 10.7% of advertising and promotional expenditures [8] .
Survey Administration From a number of theoretical perspectives, exposure to CPIs could be a causal factor in adolescent smoking
As part of a tobacco prevention program, we conducted a cohort study of students in grades 4 through initiation. Ownership of a CPI is an unambiguous measure of an adolescent's receptivity to tobacco marketing 11 at three rural K-12 Vermont schools. Two schools were assigned to intervention status and one to control in a persuasive communications framework [9, 10] , implying exposure to an advertising message, attendance status. The intervention consisted of a social influences program in which children were encouraged to work in to and understanding of the message, and development of a cognitive or affective response to the message. The groups to develop and communicate anti-tobacco messages to younger children. The 2-year intervention was same can be said of the adolescent who is attitudinally receptive to a CPI, i.e., willing to use a CPI. People supported by web-based links with Dartmouth medical students and pediatric residents. The intervention had communicate social identities through the use of symbolic markers such as clothing, hairstyles, and tattoos no demonstrable effect on receptivity to tobacco promotions in either of the intervention schools. Intervention [11] . Clothes define group affiliation and express core aspects of identity, such as personal values and beliefs. status was included as a covariate in the multivariate analysis. The baseline survey was conducted in Septem-grade in school, gender, school performance (excellent, good, average or below), and parental education (both, ber, 1996, the second survey in September, 1997, and the final survey in May, 1998. The survey was adminis-one or neither parent graduated from high school). An indicator variable for school participation in the intertered by study personnel who were not associated with the schools. The questionnaire was read aloud to stu-vention was also included in all models.
Exposure to environmental smoking was measured dents in grades 4 and 5 and self-administered for students in grades 6 through 11. Students were asked to by the following questions. Peer smoking required an affirmative response to the following question: "Do any put their name, grade, and birth date on a sheet of paper that was separated and collected prior to completing the of your friends smoke cigarettes?" Family smoking required an affirmative response to any of the following questionnaire. Passive parental consent was obtained by mailing a letter of consent to the students' homes 2 questions: "Do any of your brothers or sisters smoke cigarettes?" "Does your father smoke cigarettes, cigars, weeks prior to the survey. The study was approved by the Dartmouth College Committee for the Protection or pipes?" "Does your mother smoke cigarettes, cigars, or pipes?" of Human Subjects.
Validity and Reliability Outcome and Exposure Measures
To increase the validity of self-report of tobacco use, The outcome measure for this study is a smoking we employed a bogus pipeline procedure, which has index that combines measures of lifetime smoking expe-been shown to increase validity of self-reports [28] . rience with susceptibility to smoking in the future. This
To evaluate test-retest reliability of the questions, index is based on prospective studies that demonstrate we recruited 114 students from another school and 27 that smoking experience [24] and susceptibility to students through a pediatric clinic. Each student comsmoking [25, 26] are predictors of becoming a smoker pleted the questionnaire twice, with a 3-to 5-week inin the future. The index includes six categories: never terval between the two surveys. Data from the 114 stusmoker, not susceptible; never smoker, susceptible; dents were used to evaluate all variables except for puffer; experimenter, not current; experimenter, cur-parental education; because this was not measured in rent; and regular smoker. Never smokers are those who the larger sample, we used the data from 27 students have never even puffed on a cigarette. Susceptibility to evaluate this variable. The statistic [29] was used among this group is determined by the responses to to measure agreement between test and retest answers two questions: "Do you think you will smoke a cigarette for categorical and ordinal data. All variables reported in the next 6 months?" and "Would you smoke a ciga-here have a minimum statistic of 0.70, which indicates rette if your best friend offered you one?" Anyone who very good reliability for these items; it was not necescannot definitely rule out smoking in the future by an-sary to exclude any variable because of an unacceptably swering "definitely not" for both of these statements is low [30] . The main outcome variable, the smoking considered susceptible. Puffers include those who have index, had a of 0.96. tried smoking, but have never smoked more than 1 whole cigarette. Experimenters are those who have Student Cohort smoked between 2 and 100 cigarettes in their lifetime. The experimenters are further classified into current At baseline, completed questionnaires were obtained from 727 students, representing 90% of the students or not current based on whether they have smoked in the past 30 days. Regular smokers are defined as those enrolled in grades 4 through 11 at the three schools.
Seventy-four percent (N ϭ 537) of these students comwho have smoked more than 100 cigarettes in their lifetime. Lifetime use of more than 100 cigarettes is pleted both follow-up surveys. Students who were lost to follow-up were more likely to be male, to be in 11th used to classify ever smokers in studies of adults and is used in the United States to define an individual who grade at baseline, to have average or below average grades, and to have a higher exposure to friends and has been dependent on cigarettes in the past [27] .
The primary exposure examined in this study is re-family who smoked. These students also were more likely to be smokers and to be receptive to cigarette ceptivity to cigarette promotions. Individuals are classified as being receptive to promotional marketing if they promotions at baseline. Following the procedures of Stevens et al. [31] , we discarded 14 questionnaires with either own a cigarette promotional item or would be willing to use one, consistent with Pierce et al. [10] . In five or more logically inconsistent or extremely out-ofrange answers and 12 questionnaires because of missevaluating the impact of this exposure, we controlled for the effects of other factors known to be associated ing data. An additional 31 students were omitted from this analysis because they were smokers (use of Ն100 with smoking behavior, including baseline level of smoking uptake, environmental exposure to smoking cigarettes lifetime) at baseline.
The final cohort consists of 480 students, all of whom (minimal, family only, friends only, friends and family), were never or experimental smokers at baseline. The controls included environmental tobacco exposure (peer age of the students ranged from 8 to 17, with 98% be-and family smoking), grade in school, gender, interventween 9 and 16 years of age. Reflecting the racial compo-tion status, school performance, and parental educasition of northern New England, 96% of the students tion. This model gives cumulative odds ratios modeling were white. All students lived in a rural area. the probability of being in any higher category on the smoking index given a baseline category. With an orStatistical Analysis dered dependent variable, these models have the advantage of retaining information that would be lost by We first evaluated the bivariate association between combining the data into two arbitrary groups, as one receptivity to tobacco promotions at baseline and covardoes when using logistic regression. In all models, iates. Unadjusted odds ratios are determined by rechanges in deviance and residual plots were used to gressing each of the variables against receptivity to assess model fit, and standard errors were scaled using tobacco promotions at baseline (dependent variable) usthe square root of deviance-based dispersion. ing logistic regression. To evaluate the association beWe investigated the possibility that our results were tween receptivity to cigarette promotions at baseline simply due to the particular subset of students who and change in smoking status over time, we used multiwere included in follow-up. Students lost to follow-up variate proportional odds models with smoking index could affect our results, for example, if those who did at survey 3 as the dependent variable and including smoking index at baseline as a control variable. Other not participate in the follow-up survey were less likely a Unadjusted odds ratios are determined by regressing each of the listed variables against receptivity to tobacco promotions at baseline (dependent variable) using logistic regression.
to progress along the smoking index or if the effect of Association of Covariates with Receptivity to receptivity to cigarette promotions on smoking uptake
Cigarette Promotions was weaker in this group. We imputed missing values for smoking status at survey 3 for these 122 students Receptivity to cigarette promotions was present in to explore the effect of loss to follow-up on our results. all grades and was significantly lower only in 4th-grade students, in whom only 11.5% were receptive (Table 1) . Consistent with past studies [17] receptivity to ciga-
RESULTS
rette promotions was significantly associated with family smoking, reflecting the acquisition of these items Description of the Sample through family members in some cases. Receptivity to The 480 students were equally distributed across cigarette promotions was also significantly more likely grades and gender (Table 1) . Most had good to excellent among males. Higher ranking on the smoking index at grades and at least one parent who had graduated from baseline was also associated with a significantly higher high school. Environmental exposure to smoking at likelihood of receptivity to tobacco promotions. For exbaseline was high, with 138 (28.8%) who had both fam-ample, whereas 21% of non-susceptible never smokers ily and friends who smoke. Only 150 (31.3%) did not were receptive to tobacco promotions, 43.6% of puffers have friends or family members who smoked. Thirty were receptive. percent of students were receptive to tobacco promotions at baseline. Students who were established smokers (Ն100 cigarettes lifetime) at baseline were excluded Association between Receptivity to Cigarette from the analysis because they would be unable to
Promotions at Baseline and Smoking Uptake change their smoking status over time.
As shown in Table 2 , receptivity to cigarette promo-
Smoking Status at Baseline and in the Third Survey
tions at baseline was significantly associated with progression on the smoking index (i.e., with controls for Also shown in Table 1 is smoking status at baseline. smoking status at baseline) after adjusting for baseline The majority of students were never smokers at base-covariates, including grade in school, gender, environline [314 (65.4%)]. Higher levels on the smoking index mental smoking, intervention status, school perforat baseline were associated with higher grade in school, mance, and parental education [proportional odds ratio peer smoking, and receptivity to cigarette promotions.
1.9 (95% confidence intervals 1.3, 2.9)]. Students with One hundred eighty-five students (38.5%) had moved higher levels of smoking uptake at baseline and adolesto a higher category on the smoking index by the third cents in grades 6, 7, and 9 were also more likely to survey, leaving 221 non-susceptible never smokers. Of progress on the smoking index compared with those in 30 students who became lifetime smokers of Ն100 cigagrade 4 (results not shown). There was not a significant rettes, 11 were current experimenters, 11 were nonassociation between environmental smoking at basecurrent experimenters, 3 were puffers, and 5 were nonsusceptible never smokers at baseline. line and progression on the smoking index. a In addition to environmental smoking, the model includes controls for the following baseline variables: smoking status, grade in school, gender, intervention status, school performance, and parental education.
Effects of Change in Receptivity to Cigarette
baseline risk factors, then receptivity to cigarette promotions would have to have had a protective effect (proPromotions portional odds ratio of 0.87 compared with the estiApproximately 100 students changed their receptiv-mated 1.9) in order to change the statistical significance ity to cigarette promotions status from survey to survey, of our result in Table 2 . Similarly if the effect of cigarette being equally split between those who became receptive promotions was no different for those students lost to and those who became non-receptive. After controlling follow-up, then their smoking uptake would have to for the effect of receptivity to cigarette promotions at have been significantly less (proportional odds of 0.05) baseline, those who became receptive in surveys 2 or 3 compared with those who completed follow-up. Neither had a significantly increased odds of progression [3.6 of these possibilities is likely given both higher smoking (1.8, 7.0) and 2.9 (1.5, 5.5), respectively] compared with level and higher receptivity to cigarette promotions at those who did not change (Table 3) . Conversely, those baseline in students lost to follow up. No combination who were receptive at baseline but became non-re-of increased likelihood of smoking uptake and increased ceptive by survey 2 had a significantly lower odds of receptivity to cigarette promotions changed the statistiprogression [0.4 (0.2, 0.9)]; those who became non-re-cal significance of the reported results. ceptive from surveys 2 to 3 also had a decreased odds of progression [0.5 (0.3, 1.1)] that was marginally sig-
This study examines whether cigarette promotional campaigns influences adolescent smoking uptake. In Sensitivity Analysis this study we focused on cigarette promotional items such as clothing and smoking paraphernalia as a meaThere were 122 students in grades 4-11 who had complete data at baseline but no follow-up. We first sure of an adolescent's receptivity to tobacco promotions. We found that the likelihood of smoking uptake imputed their expected smoking index level at survey 3 by using the covariates and coefficients from the model is increased when an adolescent not exposed to CPIs at baseline acquires a CPI or becomes willing to use described in Table 2 and added two additional terms, a constant to reflect a different imputed level of smoking one. Conversely, the likelihood of smoking uptake is decreased when an adolescent who owns a CPI loses it uptake and a term to reflect a different receptivity to cigarette promotions. We refit the models to determine or becomes unwilling to use it; this is a finding that has not been reported, to our knowledge. This association which combination of smoking uptake and receptivity to cigarette promotions would change the statistical remains strong and statistically significant after controlling for a number of factors at baseline, including significance of the reported results.
If the 122 students who were lost to follow-up had a attitudes toward smoking, smoking experience, peer smoking, and family smoking. It is not likely that the level of smoking uptake similar to peers with identical association is altered by loss to follow-up. Thus, these results are consistent with those of a random sample of California youth [10] , suggesting that adolescents are data provide strong evidence supporting a causal link between progression of smoking among adolescents and responsive to tobacco promotions regardless of their sociodemographics or geographic location. Moreover, changes in their response to cigarette promotional items. These findings are important because they show the evidence from a number of cross-sectional [17, 20, 21, 23] and longitudinal studies [10, 35] of indethat cigarette marketing activities can be associated with smoking uptake among adolescents; they do not, pendent samples of children is consistent in showing that tobacco marketing, however measured, is implias tobacco companies contend, merely result in a preference for highly advertised brands. cated in adolescents' decisions to smoke and in their continued experimentation with cigarettes. This conOur study also confirms, in an independent sample, the findings of Pierce et al. [10] that receptivity to ciga-vergence of findings from multiple studies provides strong support for causality and justification for further rette promotions is associated with higher smoking uptake over time among never smokers and that this asso-tobacco marketing restrictions. The weight of the evidence at this time supports Food and Drug Administraciation is independent of other environmental factors such as family and friends smoking. We extend these tion regulations aimed at restricting the sale, distribution, promotion, and advertising of cigarettes and findings to show that receptivity to tobacco promotions also influences tobacco uptake among susceptible ado-smokeless tobacco to minors [36] .
In summary, our study documents a strong and statislescent never smokers and among experimental smokers. Our findings support the concept that exposure tically significant association between receptivity to cigarette promotions and increased smoking uptake over to tobacco marketing influences adolescents' attitudes and beliefs, which in turn prompts initiation, and also time in a cohort of adolescents. Additionally, gaining or losing receptivity during the 21-month period was helps to shape the self-identity of the experimental smoker into that of a smoker. In other words, choosing associated with an increased or decreased likelihood of smoking uptake, respectively. This suggests that smokto own or wear a cigarette promotional item may lead to consolidation of an identity that includes smoking ing among adolescents could be reduced by the elimination of cigarette promotional campaigns. Our study supports another finding of Pierce et al. [10] . In both studies, receptivity to tobacco marketing
